EGY2 is a zinccontaining, intramembrane protease, located in the thylakoid membrane. It 21 is consider to be involved in the regulated intramembrane proteolysis -a mechanism leading 22 to activation of membrane-anchored transcription factors through proteolytic cleavage, which 23 causes them to be released from the membrane. The physiological functions of EGY2 in 24 chloroplasts remains poorly understood. To answer the question what is the significance of 25 EGY2 in chloroplast functioning two T-DNA insertion lines devoid of EGY2 protein were 26 obtained and the mutants phenotype and photosystem II parameters were analyzed. 27 Chlorophyll fluorescence measurements revealed that the lack of EGY2 protease caused 28 changes in non-photochemical quenching (NPQ) and minimum fluorescence yield (F 0 ) as well 29 as higher sensitivity of photosystem II (PSII) to photoinhibition. Further immunoblot analysis 30 revealed significant changes in the accumulation levels of the three chloroplast-encoded PSII 31 core apoproteins: PsbA (D1) and PsbD (D2) forming the PSII reaction centre and PsbCa 32 protein component of CP43, a part of inner PSII antennae. The accumulation level of nuclear-33 encoded proteins Lhcb1-3 -a components of the major light-harvesting complex II (LHCII) as 34 well as proteins forming minor peripheral antennae complexes, namely Lhcb4 (CP29), Lhcb5 35 (CP26), and Lhcb6 (CP24) remain, however, unchanged. The lack of EGY2 led to a 36 significant increase in the level of PsbA (D1) with simultaneous decrease in accumulation 37 levels of PsbC (CP43) and PsbD (D2). To test the hypothesis that the observed changes in the 38 abundance of chloroplast-encoded proteins are a consequence of changes in gene expression 39 levels, real-time PCR was performed. The obtained results shown that egy2 mutants display 40
48
Introduction and SALK_093297C as egy2-5. Homozygosity of the T-DNA insertion within the analysed 142 gene was confirmed by PCR. 143 For both lines, the following primers were used: All measurements and analysis were performed in three biological replicates, on plants in 149 developmental phase 6.0 according to the BBCH scale (Boyes et al., 2001) . Thirty plants from 150 each variant (WT, were measured in each replicate. All primers were tested for nonspecific amplification and primer-dimer formation by melting 166 curve analysis. As the reference, a gene encoding chloroplast ribosomal protein L2 was used.
167
For each sample, six biological repetitions were performed, each in two technical repetitions.
168
The primers used were as follows: The amplification efficiency and the expression levels were calculated using Miner 187 (http://ewindup.info/miner/) (Zhao and Fernald, 2005) .
188
Protein analysis 189 190 Anti-EGY2 specific polyclonal antibodies were produced in rabbits by Agrisera AB (Vannas, 191 Sweden) using the highly purified N-terminal region (aa 51-225) of EGY2 from Arabidopsis.
Antibodies

192
Anti-Lhcb1-6, anti-PsbA, anti-PsbC and anti -PsbD antibodies were purchased from Agrisera corresponds to the second splicing form of the EGY2 gene model. In our RT-PCR analysis, 308 we obtained a 1671-bp long coding sequence (encoding 556 aa); the length of our product is 309 consistent with that of the first splice variant. The egy2-5 line was not previously described.
310
Our analysis indicated the presence of two T-DNA insertions located in the fifth and sixth 311 exons (Fig. 1A) . To verify the number of T-DNA insertions in the egy2-5 mutant, PCR was 312 performed using different combinations of primers for both WT and egy2-5. As shown in Fig.   313 1B, no product from the WT DNA was obtained if one of the primers used was a T-DNA 314 (LB) primer. In contrast, the PCR product sizes obtained when the A-LB and B-LB primer 315 pairs were 1200-bp and 400-bp, respectively, indicated the presence of two T-DNA insertions.
316
The absence of the EGY2 protease from both the egy2-3 and egy2-5 lines was confirmed by 317 immunoblot analysis (Fig. 1C ).
318
Phenotype of egy2 mutants 319
The phenotypic analysis revealed no differences between egy2 mutants and WT plants in leaf 320 or inflorescence emergence or in flower or seed production (data not shown). Both mutant 321 lines, however, displayed significantly larger final rosette areas than those observed in WT 322 plants (Fig. 2) . A slight but statistically significant decrease in chlorophyll content was also 323 observed (Tab. 1). This reduction was observed for both chl a and chl b and was accompanied 324 by a statistically significant reduction in the chl a/b ratio. A statistically significant reduction 325 in total carotenoid accumulation was also observed (Tab. 1). Chlorophyll fluorescence 326 measurements revealed that the lack of EGY2 protease did not cause statistically significant values, suggesting full regeneration of PSII (Fig. 3) . were displayed by both apoproteins that form the PSII core centre, PsbA (D1) and PsbD (D2).
356
However, the abundance of the PsbA apoprotein, which forms the reaction centre of PSII, was 357 increased to approximately 150 % in both mutant lines, whereas a reduction in the 358 accumulation level of the PsbD apoprotein to 67 % of the normal value was observed. A very 359 similar decrease in abundance was observed for PsbC, which is an apoprotein associated with 360 the CP43 complex, an inner PSII antennae. PsbC level decreased to 68 % in egy2-3 and to 67 361 % in egy2-5. The amount of PsbI apoprotein, which is crucial for the stability of PSII 362 supercomplexes, was unchanged in the mutant lines (Fig. 4) .
363
To determine whether the increased PsbA accumulation level may be partially a result of however the percentage decrease in the protein abundance was similar in all analysed lines, 369 both egy2 mutants and WT (Fig. 5) . electrophoresis was applied and protein spots whose abundance was increased at least 2-fold 392 in both mutant lines were identified (Fig. 7) . Only protein spots, the abundance of which was 393 increased in two separate experiments, were selected for further analysis by LC -MS/MS. isolated from wild type (WT), egy2-3 and egy2-5 lines were separated using 2-D gel 728 electrophoresis with IEF (pH 3-10) and detected with Coomassie Brilliant Blue staining.
729
Samples of proteins were obtained from four biological replicates of each plant lines. Ten 730 protein spots were chosen for identification. All selected spots showed at least 2-fold up-731 regulation in comparison to WT, in both egy2-3 and egy2-5 mutant lines. Table. 2 Elements of chloroplast transcriptional machinery identified in protein spots with 740 increased accumulation level in egy2 mutants. I, II-indicates separate LC-MS/MS analysis.
